Background: Aminopeptidase N (CD13) is expressed in normal and neoplastic liver tissue, where it exhibits a characteristic canalicular pattern (CD13 can ), similar to that seen for CD10 and when antibodies crossreact with biliary glycoprotein I (p-CEA). Aim: To compare the putative diagnostic use of CD13 can in differentiating between hepatocellular (HCC) and non-hepatocellular carcinomas metastatic to the liver (non-HCC). Methods: A retrospective study comparing 53 HCC specimens with 32 non-HCC specimens. Immunostaining was performed with HepPar1 and antibodies directed against CD10, CD13, p-CEA, and a fetoprotein (AFP). Results: In the HCC group, a canalicular staining pattern was found for CD13, p-CEA, and CD10 in 51, 43, and 33 specimens, respectively. HepPar1 was positive in 29 and AFP in 17 HCC specimens. In the non-HCC group, canalicular immunostaining for CD10 and p-CEA was confined to non-neoplastic liver tissue. One poorly differentiated cholangiocarcinoma showed apical expression of CD13, resembling to some extent CD13
P rimary and metastatic malignant tumours of the liver may demonstrate a wide variety of histological patterns and the surgical pathologist is often challenged with biopsy specimens that yield only a small fraction of the liver mass lesion. Hepatocellular carcinomas (HCCs) and cholangiocarcinomas or metastatic tumours can often be differentiated using routine light microscopy, but it may be difficult to make this distinction, and special stains are needed. Special stains of diagnostic value in differentiating between HCC and non-HCC neoplasms include immunostaining with polyclonal antibodies crossreacting with biliary glycoprotein 1 (p-CEA), [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] immunostaining with antibodies directed against a fetoprotein (AFP), 1-3 6 7 CD10, 9-14 and HepPar1, 6 10-16 and detection of albumin mRNA by in situ hybridisation. 1 7 17-20 Immunostaining for p-CEA and CD10 shows a characteristic canalicular pattern, with a sensitivity ranging from 50% to 90% and a specificity of almost 100%. Other antibodies and antigens have been tested, but these have proved to be less useful or have not yet been confirmed, including a1 antitrypsin, 21 monoclonal antibodies directed against carcinoembryonic antigen, 3 6 8 various cytokeratins, 1 2 6 20 22 epithelial membrane antigen, 8 erythropoiesis associated antigen, 21 factor XIII, 2 and p28 GANK .
14 ''CD13 might be useful as an additional marker in differentiating between hepatocellular carcinoma and non-hepatocellular neoplasms''
It was shown recently that aminopeptidase N (CD13) is expressed in both normal and neoplastic liver tissue, where it exhibits a canalicular distribution pattern (CD13 can ) similar to that seen for p-CEA and CD10 9 23 ; thus, CD13 might be useful as an additional marker in differentiating between HCC and non-hepatocellular neoplasms. The aim of our retrospective study was to investigate the sensitivity, specificity, and spatial distribution of CD13 in HCC and non-HCC compared with immunostaining for p-CEA can , CD10 can , HepPar1, and AFP.
MATERIALS AND METHODS

Case selection
Fifty three HCC specimens, comprising 50 liver biopsies and three resection specimens, were retrieved from the archive of the department of pathology, Otto-von-Guericke-University, Germany. All cases were reviewed before study inclusion. In addition, most cases had been discussed during weekly clinicopathological conferences. Cases with ambiguous clinical or histological diagnostic features were not included in our study. The diagnosis of HCC was based on cytological, histological, and clinical criteria. Several clinical criteria supported the diagnosis of HCC, including evidence of a chronic diffuse liver disease with either liver fibrosis or cirrhosis, raised serum AFP values, and absence of an extrahepatic primary tumour. The specimens were obtained from 50 patients with an average age of 70.1 years (range, 49-95), 40 of whom were male and 10 were female (male to female ratio, 4 : 1). The HCCs were categorised into well (G1), moderately (G2), or poorly (G3) differentiated types, corresponding to Edmondson's grades I/II, III, or IV, respectively. 24 25 As a control group (non-HCC), we selected 32 biopsy specimens of liver metastases from 32 patients; the primary site of the malignant tumour was confirmed clinically and/or histologically (table 1). The average age of the patients in the non-HCC group was 68.2 years (range, 40-88) with 20 male and 12 female patients (male to female ratio, 1.6 : 1).
Specimen processing
All biopsy and resection specimens were fixed in 10% buffered formalin and embedded in paraffin wax. Dewaxed serial sections were stained with haematoxylin and eosin, periodic acid Schiff with and without diastase pretreatment, and reticulin stain. Serial sections were cut at 3 mm and placed on Superfrost Plus glass slides.
Materials
Immunostaining was performed with monoclonal antibodies directed against CD10 (clone 56C6), CD13 (clone 38C12; both Novocastra Laboratories, distributed by Medac GmbH, Wedel, Germany), and HepPar1 (Dako, Glostrup, Denmark), and with polyclonal antibodies directed against AFP (Dako), and carcinoembryonic antigen (which crossreacts with biliary glycoprotein 1; p-CEA; Quartett, Berlin, Germany).
Immunohistochemistry
For immunostaining, sections were dewaxed in xylene and rehydrated in an alcohol series. Endogenous biotin was blocked using the endogenous biotin blocking kit from Ventana (Strasbourg, France). Immunostaining with p-CEA required blockade of endogenous peroxidase with 3% H 2 O 2 for 15 minutes at room temperature (RT) before the addition of p-CEA for one hour at 37˚C (1/500 dilution) in a moist chamber. This was followed by incubation with biotinylated secondary antibody and the streptavidin-peroxidase complex, each for 15 minutes at RT. Between steps, the sections were washed in Tris buffered saline. Immunostaining for CD10 and HepPar1 required pretreatment with 1mM EDTA (pH 8.0, 20 minutes, 450 W microwave oven), and for CD13 required pretreatment with 10mM sodium citrate (pH 6.0, 3 6 10 minutes, 600 W microwave oven). Sections were incubated with anti-CD10 (1/25 dilution) and anti-CD13 (1/ 50 dilution) for one hour at 37˚C in a moist chamber, followed by incubation with biotinylated antimouse IgG/ antirabbit IgG (1/200 dilution; Vector Laboratories; distributed by Camon, Wiesbaden, Germany) and ABC alkaline phosphatase reagent, each for 30 minutes at RT. Immunoreactions were visualised with the avidin-biotin complex method, applying a Vectastain ABC alkaline phosphatase kit (distributed by Camon) or an Ultratech horseradish peroxidase streptavidin-biotin universal detection system (Immunotech, Marseilles, France). Fast red and 3,3-diaminobenzidinetetrahydrochloride (DAB), respectively, served as chromogens.
Immunostaining with HepPar1 (1/50 dilution) was performed using the Ventana enhanced alkaline phosphatase red detection kit and the Ventana Nexus immunostainer. The primary antibody was incubated for 30 minutes at 37˚C. The biotinylated secondary antibody and the alkaline phosphatase-streptavidin conjugate were applied according to the manufacturer's instructions. Fast red served as chromogen.
Immunostaining with anti-AFP (1/100 dilution) was performed using the Ventana Basic DAB detection kit and the Ventana Nexus immunostainer. Endogenous peroxidase was blocked for four minutes at 37˚C, according to the manufacturer's instructions. The primary antibody was incubated for 26 minutes at 37˚C. The biotinylated secondary antibody, the avidin-horseradish peroxidase conjugate, and the basic DAB solution were applied according to the manufacturer's instructions. The reaction was enhanced with copper sulfate solution (four minutes at 37˚C).
All specimens were counterstained with haematoxylin. Primary antibodies were omitted for negative controls and tissue specimens recommended by the manufacturers were used as positive controls. 
RESULTS
Hepatocellular carcinomas
CD13 was detected in 51 of the 53 HCC specimens. Two CD13 immunostaining patterns were observed: cytoplasmic and cell membrane. Cell membrane staining was further divided into canalicular (delineating bile canaliculi) and noncanalicular patterns. A canalicular pattern was found in 51 specimens-all 14 well differentiated, 34 of 35 moderately differentiated, and three of four poorly differentiated HCCs (fig 1) . Nine HCC specimens showed a cytoplasmic staining pattern and six non-canalicular staining of the cell membrane. Cytoplasmic staining of less than 10% of the tumour cells was found in six biopsies, staining of 10-50% of the tumour cells in three biopsies, and staining of greater than 50% of the tumour cells was not seen. Simultaneous cytoplasmic and cell membrane staining was found in nine of the 53 biopsy specimens. Non-neoplastic liver tissue showed a canalicular staining pattern and apical membranous staining of bile ducts (fig 2) . Immunostaining with p-CEA was found in 43 of 53 HCC specimens. The staining pattern was similar to that seen for CD13-cytoplasmic, canalicular, and non-canalicular (fig 1) . A canalicular pattern was found in 43 specimens, a noncanalicular pattern in 13 specimens, and cytoplasmic staining was found in 13 specimens. Overall, the extent of the canalicular staining pattern was decreased in poorly differentiated HCCs; 10 of 14 well differentiated HCCs, 31 of 35 moderately differentiated HCCs, and two of four poorly differentiated HCCs showed a canalicular pattern. Nonneoplastic liver parenchyma showed canalicular immunostaining (fig 2) . CD10 was detected in 42 of the 53 HCC specimens. The staining pattern was similar to that seen for CD13 and p-CEA-cytoplasmic, canalicular, and non-canalicular (fig 1) . A canalicular pattern was found in 33 specimens and the prevalence of canalicular staining correlated with the histological grade: 12 of 14 G1 HCCs, 19 of 35 G2 HCCs, and two of four G3 HCCs showed canalicular staining. Thirty HCC specimens had a cytoplasmic staining pattern and eight had non-canalicular staining of the cell membrane. Cytoplasmic staining of less than 10% of the tumour cells was found in 14 biopsies, staining of 10-50% in eight biopsies, and staining of greater than 50% in eight biopsies. Simultaneous cytoplasmic and cell membrane staining was found in 21 of the 53 biopsy specimens. There was no significant difference in the overall expression of CD10 between well and moderately differentiated HCCs. Nonneoplastic liver tissue showed a canalicular staining pattern in the parenchyma and apical membranous staining of bile ducts (fig 2) .
Immunostaining with HepPar1 was found in 29 of 53 HCC specimens; HepPar1 stained the cytoplasm only (fig 1) . The Immunostaining for AFP was found in 17 of 53 HCC specimens; AFP was found both in the cytoplasm and occasionally at the cell membrane (fig 1) . The prevalence of AFP correlated with the histological grade of the HCCs; AFP was found in two of 14 G1, 12 of 35 G2, and three of four G3 HCCs. Figure 3 summarises the distribution pattern of all five immunohistochemical markers (CD13, p-CEA, and CD10-canalicular pattern only; HepPar1 and AFP-cytoplasm and/ or cell membrane). Only two cases showed no CD13 can immunostaining: one specimen stained for none of the immunohistochemical markers studied, although follow up biopsies clearly showed the HCC nature of the specimen. The second specimen showed canalicular immunostaining for CD10 and p-CEA, but lacked CD13 immunoreactivity. Interestingly, the bile canaliculi of HCCs were more often immunoreactive for CD13 than for p-CEA or CD10 (fig 3) .
Non-hepatocellular carcinomas
Among the non-HCCs, CD13 was present in the cytoplasm of one specimen-a poorly differentiated cholangiocarcinoma. Apical membranous staining was found in two cases-a metastasis of a poorly differentiated serous papillary carcinoma of the ovary and a poorly differentiated cholangiocarcinoma (fig 4) . In the latter, CD13 immunostaining resembled canalicular staining of HCC. However, a desmoplastic stroma was present and all other HCC markers were negative (CD10 can , p-CEA can , HepPar1, and AFP). p-CEA staining was positive in 17 of the 32 specimens: staining was cytoplasmic only in 10, membranous only in one, and both cytoplasmic and membranous in six specimens. CD10 was present in the cytoplasm and at the cell membrane. Six of the 32 biopsy specimens showed cytoplasmic staining and four showed both cytoplasmic and cell membrane staining. In seven biopsy specimens, less than 10% of the tumour cells were immunoreactive, and more than 50% were immunoreactive in three. A canalicular staining pattern for CD10 and p-CEA was not detected in the non-HCC specimens.
HepPar1 immunostaining was found in only one specimen obtained from a poorly differentiated cholangiocarcinoma (fig 4) . AFP staining was negative in all of the non-HCCs.
The sensitivity and specificity were calculated as 96.2% and 97.0%, respectively, for CD13 can , 81.1% and 100% for p-CEA can , 62.3% and 100%, for CD10 can , 54.7% and 99.9% for HepPar1, and 32.1% and 100% for AFP. Table 2 summarises the immunostaining results for HCC and non-HCC.
DISCUSSION
Aminopeptidase N (CD13, APN) is a zinc dependent, cell membrane metallopeptidase, which has been shown to participate in the postsecretory processing of neuropeptides and peptide hormones. It is widely distributed and has been found in various cell types of organs and tissues, including benign and malignant tumours. The expression and putative pathophysiological role of CD13 has been studied in a variety of malignant tumours. 26 27 The expression of CD13 has been linked to tumour cell proliferation, degradation of extracellular matrix, and metastatic behaviour. [27] [28] [29] [30] [31] [32] Almost all of these biological effects were attributed to the ectopeptidase activity.
Recently, it was shown that CD13 is also expressed by HCCs. 23 Interestingly, CD13 mRNA showed no significant differences between non-tumorous liver and HCC, whereas CD13 protein values were slightly increased.
23 CD13 may have a pathophysiological effect on hepatocarcinogenesis by cleaving regulatory peptides and peptide hormones. However, CD13 may have another role in HCC, which is unique to the liver-that is, the formation of bile canaliculi and production and secretion of bile acids. Previously, we found CD13 positive bile canaliculi in the fetal liver, focal nodular hyperplasia, non-tumorous liver, and HCC. 23 This reflects its ubiquitous expression and its close association with the formation and function of bile canaliculi. 33 CD13 positive bile canaliculi have been detected as early as 16 to 18 weeks of gestation, 23 underscoring the role of this molecule in morphogenesis. Expression of CD13 is maintained at a constant level during liver regeneration. 34 Thus, expression of CD13 seems to be required in various proliferation and differentiation states of the liver, which makes it an attractive diagnostic marker for surgical pathology.
''CD13 may have a role in hepatocellular carcinoma that is unique to the liver-that is, the formation of bile canaliculi and production and secretion of bile acids'' Because CD13 shows a specific canalicular staining pattern, 23 similar to that seen for p-CEA can and CD10 can , our present study aimed to investigate the putative use of CD13 can in differentiating HCCs from non-HCCs. In our current series, both HCCs and non-HCCs expressed CD13 in the cytoplasm, at the cell membrane, or both, and the detection of CD13 itself was of no use in differentiating HCCs from non-HCCs. However, only non-neoplastic liver tissue and HCC showed a characteristic canalicular staining pattern, similar to that seen for p-CEA and CD10; this pattern was considered to be specific for HCCs and yielded a Table 2 Immunostaining of hepatocellular (HCC) and non-hepatocellular (non-HCC) carcinomas Table 3 shows that the sensitivity of CD10
can is much lower than that of p-CEA can . However, as shown in our present study, the difference between p-CEA can and CD13 can is less pronounced, although unlike p-CEA and CD10, CD13 stained the cytoplasm of tumour cells less often, facilitating the recognition of even low numbers of bile canaliculi, which we consider to be an advantage of CD13, particularly in poorly differentiated HCCs.
CD13 was also expressed in bile ducts and in a cholangiocarcinoma, here resembling canalicular immunostaining. However, cholangiocarcinomas have an abundant desmoplastic stroma that aids in differentiating them from HCC in most cases.
HepPar1 is a monoclonal antibody that recognises a mitochondrial antigen of hepatocytes. 6 37 In the past few years, several studies have investigated the sensitivity and specificity of HepPar1, 10-16 38 and these were shown to range from 75% to 100% and from 66% to 100%, respectively. In our series, we found HepPar1 staining in only 29 of the 53 (54.7%) HCCs. This rather low sensitivity may be a sampling error, because most of our specimens were biopsies: HepPar1 staining is not homogeneous and only eight specimens showed HepPar1 staining in more than 50% of the tumour cells, and in most of our cases HepPar1 stained less than 50% of the tumour cells. Furthermore, in contrast to CD13, p-CEA, and CD10, immunostaining with HepPar1 does not show a hepatocyte specific staining pattern. Between 44% and 47% of gastric cancers react with HepPar1, 16 38 and differentiating poorly differentiated gastric cancer from HCC using HepPar1 immunostaining only can be difficult at times. HepPar1 also occasionally stains cholangiocarcinomas (our present study) 11 15 38 , and pancreatic, colon, lung, adrenal, neuroendocrine, ovarian, and endocervical cancers. 11 15 38 Thus, although HepPar1 frequently reacts with HCCs, it should be used cautiously and in conjunction with a panel of other antibodies, as recently stated by Fan et al.
38
In our series, the sensitivity of CD13 can , p-CEA can , CD10 can , and HepPar1 was superior to that of AFP; only 16 of the 53 HCCs expressed AFP. Previous studies have shown that between 17% and 62% of HCCs show immunostaining for AFP, 1-3 6 7 and AFP immunostaining in our HCC specimens was within this range.
Sensitivity and specificity are influenced by many variables, with sampling being the most important. Biopsy specimens often provide only a small fraction of the tumour, so that a lack of immunostaining may simply be the result of inadequate sampling (see above). All five markers tested here are subject to sampling errors. Thus, to reduce sampling errors, using a battery of different markers has become common practice in cases where the histological diagnosis is not readily apparent from routine histochemical stains (for example, haematoxylin and eosin, periodic acid Schiff, and reticulin stain). By comparing the staining patterns of CD13, p-CEA, CD10
can , HepPar1, and AFP, we were able to show that only one specimen was negative for all five markers. A combination of CD13 can (as the most sensitive marker for the presence of bile canaliculi), AFP (as a sensitive marker for poorly differentiated HCCs), and HepPar1 staining was diagnostic in 98.1% of our HCCs, whereas CD13 can and AFP together were diagnostic in 96.2% of cases. Future studies are needed to determine whether CD13 has the potential to replace p-CEA and CD10 in the diagnostic hepatopathology of HCCs and liver metastases.
In summary, canalicular staining for CD13 is a highly specific marker of hepatocyte differentiation, with a sensitivity greater than that of p-CEA can and CD10 can . Although CD13 can does not differentiate between benign and malignant lesions, it is clearly of use in differentiating HCC from non-HCC. Table 3 Summary of recent studies investigating the sensitivity and specificity of canalicular immunostaining for CD10 and p-CEA Non-HCC n/n (%) HCC n/n (%) Non-HCC n/n (%) 
